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Abstract: Obesity prevalence has been simultaneously increasing with high consumption of large
food portion sizes (PS). However, there is scarce information on PS of energy-dense (ED) foods as a
potential risk factor of obesity in adolescents. In the present study, we investigate the association
between the PS of the most ED foods and body composition. A sample of 1889 adolescents (54.4%
females) from the Healthy Lifestyle in Europe by Nutrition in Adolescence cross-sectional multicenter
study (HELENA–CSS) study were included. Most ED foods (e.g., cheese) were selected according
to higher fat and/or sugar content and low fiber and water. Linear and ordinal logistic regression
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models were adjusted for age, physical activity, total energy intake (TEI), and socioeconomic status
(SES). Analysis was performed both in those adolescents reporting plausible energy intake according
to the approach of Goldberg et al. and in the whole sample. In male plausible reporters, PS from
“breakfast cereals” showed a significant and positive association with BMI (β = 0.012; 0.048). PS
from “carbonated soft drinks” in males (OR = 1.001; 95% CI 1.000; 1.002) and “bread and rolls” in
females (OR = 1.002; 95% CI 1.000; 1.004) were associated with higher probability of having obesity,
while “sweet bakery products” were associated with lower probability of having obesity (OR = 0.996;
95% CI 0.991; 0.999) in females. The present study suggests association between PS of ED foods and
obesity in European adolescents. Prospective studies are needed to examine the effect of prolonged
exposure to large PS and obesity development.
Keywords: energy dense food; food portion size; body mass index; fat mass index; obesity; adoles-
cent; Europe
1. Introduction
According to WHO reports, overweight and obesity prevalence in children and ado-
lescents aged between 5 and 19 years continuously rose from just 4% in 1975 to over
18% in 2016, corresponding with over 340 million affected persons worldwide [1]. Youth
obesity is classified as chronic, noncommunicable disease that could lead to acute as well
as long-lasting health problems at a younger age [2], cardiovascular diseases [3], insulin
resistance [4] and type 2 diabetes [5] and, since obesity tracks from youth to adulthood,
a greater risk of early morbidity and premature mortality [6,7]. Adolescence is a critical
period in which dietary habits are in transition into adulthood. Several studies suggested
that adolescents with obesity tend to eat more ED foods compared with normal-weight
adolescents [8].
Overall, weight gain is the result from an imbalance between daily nutritive energy
intake and energy expenditure as a sum of resting energy expenditure and physical exer-
cise [9]. Apart from increasing sports activities, there are several components of the food
environment supporting energy overnutrition [9], food portion sizes (PS) being proba-
bly one of the most relevant factors [10]. A portion is described as the amount of food
that we choose to eat for a meal or snack or the amount of a food that we decide to eat
or serve to an individual at a single eating occasion [11]. Previous studies found that
the PS of some prepacked foods, as well as menu sizes consumed in restaurants, have
increased dramatically over the last 30 years, concurred with the recent increase in obesity
prevalence [12,13]. Specifically, increased PS of foods commonly served in restaurants and
market is considered as a major component of the food environment that contributes to
the excess of energy consumption and the development of obesity in all age groups [10,14].
Even though PS have been increasing over time, its association with weight would be
predictable. In children and adolescents, several short-term controlled feeding trials found
that serving PS and the amount of energy consumed per meal were associated significantly
with a higher body mass index (BMI) percentile in school-aged males and adolescents of
both genders but not in the youngest children (3 to 5 years) [15–17].
Energy density (ED) refers to the energy amount in each weight of food and/or
beverage (kcal/g) [18] and mainly depends on the fat and water content of the food [19].
The World Cancer Research Fund has classified food containing 60–150 kcal/100 g as
low-ED foods, characterized by high water and fiber content. Medium-ED foods contain
100–225 kcal/100 g, and high-ED foods contain more than 225–275 kcal/100 g [20]. This
classification is one of the most commonly used by several studies [11,21] to group specific
food items by its energy content.
Previous epidemiologic studies in European adults found only a limited relationship
between PS from ED foods and with the actual BMI [22]. An intervention study focusing
on the effect of large PS on body weight by a midday meal manipulation in adults noticed
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that the weight changes were not significant over time or between test periods [23]. On
other hand, studies in young children found that PS and ED increased the energy intake
at meals [24,25]. However, a cross-sectional study found that PS of milk, bread, cereal,
juice, and peanut butter were associated with higher contribution to daily energy intake in
children; moreover, they found that the PS z-scores were positively linked with both energy
intake and body weight [26]. In the same vein, another study in children found that, when
large portion of snack foods were consumed in the absence of hunger in females aged 5
and 7 years old, they had 4.6 times more probability of being overweight at both ages [27].
Finally, in British adolescents, PS of high ED foods from cream, high-fiber breakfast cereals,
and soda were positively associated with a higher BMI [11].
Given the scarce previous literature, more information on the relationship between
consumption of large food PS, specially of high-ED foods, and body composition are
needed. Therefore, the aim of this study is to investigate the association between PS from
most frequently consumed high-ED foods and obesity in a sample of European adolescents.
2. Materials and Methods
2.1. Study Design
The Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) cross-sectional
multicenter study (CSS) took place in 2006–2007 and aimed to evaluate the nutritional
status of adolescent in Europe. The age of adolescents was between 12.5 and 17.5 years
and were recruited from ten European cities: Heraklion and Athens (Greece), Ghent (Bel-
gium), Dortmund (Germany), Rome (Italy), Pécs (Hungary), Stockholm (Sweden), Lille
(France), Vienna (Austria), and Zaragoza (Spain) [28]. The HELENA–CSS basic objective
was to obtain comparable and reliable data from selected European adolescent groups
(n = 3528, 52.3% girls) using widely relevant health and nutrition-related parameters, in-
cluding mensuration for anthropometric, physical activity, dietary information, choice and
preferences of food, metabolism of lipid and glucose, vitamin and mineral serum status,
physical fitness, and genetic indicator [29]. The inclusion norms for the main study were
participants who were not involve concurrently in other clinical experiments, aged greater
than 12.5 years and not exceeding 17.5, and finally, have not suffered from any acute illness
less than 1 week before the inclusion procedure [30]. More detailed information about
sampling and recruitment procedure were described elsewhere [30].
The Research Ethics Committees in each participant city approved this study, followed
by the ethical guidelines of the Declaration of Helsinki 1964: revision of Edinburgh 2000 [31];
moreover, a written consent form was obtained from all participating adolescents and their
parents [31].
2.2. Study Sample
From the total sample of the HELENA–CSS, about 1889 adolescents (54.4% females)
were included in our study. The inclusion benchmarks were participants who have full
two measurements of the 24-h recall and complete data for weight and height and rep-
resented (53.5%) of from the whole sample. In total, 140 adolescents were excluded, as
they were classified as underweight, because there were too few in this category to provide
adequate power. In this study, nutritional intake data from 8 European countries were
included; however, data from Pecs (Hungary) and Heraklion (Greece) were not included,
because only one 24-hr recall was available. The approach of Goldberg et al. [32] was used
to classify adolescents to under-reporters (ratio of energy intake to basal metabolic rate
<0.96) and over-reporters (ratio of energy intake to basal metabolic rate >2.40). However,
the reason of using this approach is that it is considered to be the most practical method
and individualized method of assessing plausibility of self-reported energy intake [33].
Moreover, it has been found that taking into consideration the reporting group and in-
clusion of a propensity score for misreporting was a useful tool to counteract attenuation
of effect estimates [34]. According to this method, about 24.8% of the adolescents were
considered as under-reporters and were included in the present study [33]. In addition,
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adolescents who were considered as over-reporters, 173 (4.9%), were excluded. According
to the Goldberg et al. method [32], participants classified as underweight were excluded
from analyses, as there were too few in this category to provide comparable information.
Finally, 128 participants were also excluded due to missing data on confounders, such as
moderate-to-vigorous physical activity level (MVPA).
2.3. Anthropometric Measurements
All anthropometric mensuration were collected using standard methodology [35].
Telescopic height-measuring instrument (model 225; SECA, Hamburg, Germany) was used
to measure height to the nearest 0.1 cm, barefoot with the head oriented in the Frankfurt
plan. Body weight was measured in underwear and without shoes by electronic scale
(model 871; SECA, Hamburg, Germany) to the nearest 0.1 kg. The BMI was calculated
by dividing body weight in kilograms by squared body height in meters. International
Obesity Task Force criteria was used to classify the obesity status [36]. Children were
classified into the normal weight, overweight, and obesity categories, based on pooled
international data for BMI, and linked to the widely used adult obesity cut off point of 25
and 30 kg/m2 [36]. Additionally, skinfold thicknesses were measured in triplicate with a
Holtain Caliper (Crymych, Wales, UK) from six body sites (triceps, subscapular, right side at
biceps, suprailiac, thigh, and medial calf) to the nearest 0.2 mm, and the average of the three
measures was used [37]. To obtain total body fat, the six skinfold thicknesses were summed.
Body fat percentage was estimated from skinfold measurements, using the formula of
Slaughter et al. [37]. The fat mass index (FMI) was calculated by dividing body fat mass
in (kg) by the square of height in (m) [38]. Waist (WC) and hip (HC) circumference were
also measured in triplicate to the nearest 0.1 cm with an anthropometric tape (SECA 200,
Hamburg, Germany), and the average of the three measures was used. WC was measured
at the midpoint between the lowest rib and the iliac crest [39] and considered a marker of
abdominal fat. HC was measured at a level parallel to the floor, at the largest circumference
of the buttocks.
2.4. Physical Activity Measurement
Accelerometers (Actigraph MTI, model GT1M, Manufacturing Technology Inc., Fort
Walton Beach, FL, USA) were used to obtain an objective measurement of physical activity.
The devices were placed on the lower back of the participants under the clothes using an
elastic belt for seven sequent days. Instructions were given to participants when they wake
up to wear the instrument and remove it for water-based activities and sleeping [40]. Data
were downloaded to the computer using manufacturer software and analyzed later by
software based on Visual Basic. Time spent in moderate and vigorous PA (MVPA) was
determined using the cutoff point of 2000 cpm, to generate the various indices the number
of days per week were multiplied by minutes per day to produce minutes per week for
each activity [41]. More detailed information has been reported elsewhere [40].
2.5. Socioeconomic Status
A general questionnaire with socioeconomic status (SES), health outcomes, and nu-
tritional status was fulfilled by the participants. Family affluence scale (FAS) was used as
indicator of the adolescents’ material affluence; a recategorization into three levels included
low, from 0 to 2; medium, from 3 to 5; and high, from 6 to 8 categories. In this study, FAS
is considered a marker of SES. More detailed description about SES has been reported
elsewhere [42].
2.6. Dietary Assessment
In order to determine the adolescent’s dietary intake, the HELENA Dietary Assess-
ment Tool (HELENA–DIAT) was used. It is a self-administered computerized 24-h recall
software, and it was developed and validated originally in Flemish adolescents and then
in the HELENA–CSS [43]. HELENA–DIAT comprised the consumption from six meal
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occasions: breakfast, morning snack, lunch, afternoon snack, evening meal, and evening
snack. It included two nonconsecutive 24 h recalls based on a weekday, with one week
apart. A well-trained dietitian assessed the adolescents and helped them to complete the
24-h recall.
In total, about 800 photographs were available in the program. The participants
could select visually from photographs the consumption amount and indicate the one
more accurate with their actual intake. Furthermore, they could type in a textbox their
intake amount from each food item. However, the participants can remove or modify
the selected items at any time. In addition, for foods that could be sized by household
measurements, like cups, several portions appeared on the screen, and the participants
chose their consumption amount by clicking directly on the portion. In case the foods
were eaten in combination with other food items, such as “French fries and mayonnaise” a
box was shown on the screen to remind them to include this additional food item [44]. To
calculate energy and nutrient intakes, data from HELENA–DIAT were linked to the German
Food Code and Nutrient Database (Bundeslebensmittelschlüssel, version II.3.1) [45]. Taking
into account occasionally consumed foods, the usual dietary intake of food and nutrients
were estimated by multiple source method (MSM) [46]. The MSM first calculated the
individual’s dietary intake and then built the population distribution based on the data.
When the MSM method was applied, the dietary data were analyzed for average energy
intake in kilocalories, kilojoules, and macronutrients (carbohydrates, proteins, and fat)
in grams.
2.7. Food Grouping and Portion Size Calculation
Based on European food groups classification system, about 4179 foods and beverages,
in the form of recipes or as individual food, were aggregated into 29 food groups [43,47].
As part of the general HELENA analysis, and based on the nutritional composition of
food groups, some of them were further reaggregated for PS analysis, according to their
nutritional value; for example, milk products and cheese were split to different food groups,
due to the difference in their fat content. However, four food groups were excluded from
the analysis: “products for special nutrition use,” “soya beverages,” “miscellaneous,” and
“meat substitutes,” due to very low consumption (more than the 85% of the sample did not
report consumption).
PS was established by the total intake of items in grams included in food group and
consumed in the 24 h-recall divided by the number of eating occasions of these consumed
items. In this study, the average amount was calculated from the two days included in
the 24 h-recall by each meal occasion. For example, if an individual consumed 200 g of
meat for lunch in the first day and 200 g in the lunch of the second day, then his/her PS
at lunch from this food item was 200 g, and if individual consumed 200 g of meat only
in lunch and did not consume meat in the lunch of second day, his/her PS was 200 g.
Various studies have adapted the same methodology, such as the study of food PS effect
on overweight in children and adults [48,49]. Thus, these data represent per-consumer
averages, not per capita averages and are aimed to show the average change on the PS for
those who consume a certain item. Thus, only participants who consumed a specific food
group were included in the analysis.
2.8. Energy Dense Food Selection Criteria
PS were estimated for the 20% most frequently consumed food groups per eating
occasion, and then we selected the food items that had been identified as high-ED foods,
according to World Cancer Research Fund (containing 225–275 kcal/100 g) [20], and
identified in previous research as the foods with the greatest contribution to energy intake,
with positive associations to BMI in Europe and the rest of countries [11,48]. Eleven food
groups were selected in this analysis and include 1—“breakfast cereals”; 2—“bread and
rolls”; 3—“sweet bakery products”; 4—“confectionary nonchocolate”; 5—“chocolate”;
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6—“sugar, honey, and jam”; 7—“cheese”; 8—“meat”; 9—“meat and poultry products”;
10—“vegetable oils”; and 11—“carbonated soft and isotonic drinks.”
2.9. Statistical Analysis
Normality was tested using the Kolmogorov–Smirnov method. Descriptive analyses
of mean intakes (g) and standard deviation (SD) for general characteristics, energy, and
macronutrients intake were presented. Student’s t- and chi-square (for categorial variables)
tests were used to compare means of continuous variables by gender. Males and females
develop different dietary patterns during the adolescent period, and males increase en-
ergy intake in order to increase satiety [50]. Another reason for splitting the analyses by
gender is that changes in body composition are different, as males increase lean mass and
females increase fat mass during their pubertal development. A stratified analysis was
also carried out by splitting the sample into two groups, plausible reporters and under-
reporters, to measure any potential differences of under-reporting on the associations
under examination. In children, it was observed that consideration of the reporting group
for misreporting turned out to be the most useful tool to counteract attenuation of effect
estimates [34]. Student’s t-tests were performed to describe food PS for plausible reporters
and under-reporters, and adolescents were stratified by weight status and between gender.
To assess the relation between BMI, fat mass index (FMI), and food PS from each ED food
group, multivariable linear regression analysis was carried out, using BMI and FMI as the
dependent variables and food PS as the independent variable in both genders. Ordinal
logistic regression models were carried out to determine the association between BMI
categories (normal weight vs. overweight and obesity, combined) as dependent variable
and PS from ED food groups between gender. Finally, a sensitivity analysis was carried out
for all samples in order to detect any potential differences in the results after adjustment
for misreporting. All regression analyses were adjusted for age, total energy intake (TEI),
physical activity, and SES, because it was considered as important predictors of the out-
come. Analyses were carried out using IBM–SPSS (v25, SPSS Inc., Chicago, IL, USA), and
Stata (v13.0, College Station, TX: StataCorp LP, USA) was used for the multilevel logistic
regression. P-values of 0.05 were used as representing statistical significance for all tests.
3. Results
3.1. General Characteristics of Study Participants
Sample descriptive characteristics by gender are presented in Table 1. A total of
1889 adolescents aged between 12.5 and 17.5 years old were included in this study. The
plausible reporters number was n = 1421, and the under-reporters’ was n = 486. The
majority (54.4%) of the participants were females. Generally, in all splitting groups, males
had significantly higher waist circumference (p < 0.001), higher percentage of overweight
(19.8%), and obesity (7.9%) (p < 0.001), and higher physical activity level (p < 0.001) than
females. In contrast, females had significantly higher hip circumference (p = 0.002) and
higher FMI, compared to males (p < 0.001). Furthermore, the results indicated that males
had a significantly higher mean of TEI and higher mean intake from macronutrients
(carbohydrate, protein, fat, and total sugar) than females (p < 0.001).
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Table 1. Characteristics of all participants, plausible reporters, and under-reporters in study sample and mean daily intake of energy and macronutrient. Differences of mean values by
gender were considered using Student’s t-test analysis.
All Participants (n = 1889) Plausible Reporters (n = 1421) Under-Reporters (n = 468)
General Characteristics
Males (n = 862) Females (n = 1027)
p-Value
Males (n = 659) Females (n = 761)
p-Value
Males (n = 202) Females (n = 266)
p-Value
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Age 14.8 (1.3) 14.7 (1.2) 0.181 14.7 (1.3) 14.7 (1.2) 0.408 14.8 (1.3) 14.8 (1.2) 0.199
Weight (kg) 63.6 (14.4) 57.2 (9.8) <0.001 61.2 (12.9) 55.9 (9.1) <0.001 71.2 (16.2) 60.8 (10.6) <0.001
Height (cm) 170.2 (9.3) 162.3 (6.7) <0.001 170.0 (9.3) 162.2 (6.9) <0.001 170.8 (9.4) 162.8 (6.1) <0.001
WC (cm) 75.1 (9.3) 71.1 (7.6) <0.001 73.6 (8.4) 70.4 (7.0) 0.001 80.0 (10.4) 73.1 (8.8) 0.004
HC (cm) 91.3 (8.7) 93.7 (7.7) 0.002 89.9 (8.0) 92.8 (7.5) 0.040 95.9 (9.1) 96.2 (7.5) 0.003
BMI (kg/m2) 21.8 (3.8) 21.7 (3.3) 0.001 21.0 (3.3) 21.2 (3.1) 0.068 24.2 (4.3) 22.9 (3.5) 0.014





















FMI (kg/m2) 7.8 (6.4) 9.6 (4.2) <0.001 6.9 (5.5) 9.1 (3.9) <0.001 10.8 (8.1) 10.9 (4.5) <0.001
MVPA (min/week) 804.50 (607.26) 642.75 (523.07) <0.001 801.42 (599.30) 618.24 (518.46) <0.001 816.97 (634.58) 712.90 (530.89) 0.006






















(kcal) 2348.00 (653.05) 1848.01 (487.20) <0.001
2691.33
(440.93) 2128.10 (301.58) <0.001 1578.39 (312.04)
1267.16
(221.76) <0.001
Carbohydrates (g) 285.58 (89.65) 228.13 (68.43) <0.001 323.85 (71.23) 260.14 (52.36) <0.001 195.25 (49.64) 158.86 (36.33) <0.001
% of energy from
carbohydrates 48.79 (7.62) 49.49 (7.47) 0.657 48.06 (6.35) 48.80 (6.15) 0.633 49.45 (7.85) 50.20 (7.68) 0.865
Proteins (g) 92.86 (28.20) 70.99 (20.13) <0.001 103.13 (23.43) 79.78 (15.97) <0.001 69.32 (18.48) 52.92 (13.07) <0.001
% of energy from
proteins 16.11 (3.50) 15.61 (3.12) 0.004 15.38 (2.79) 15.02 (2.43) 0.004 17.69 (3.72) 16.81 (3.41) 0.616
Fat (g) 91.79 (32.02) 73.04 (24.14) <0.001 106.11 (24.92) 84.94 (18.16) <0.001 59.23 (17.35) 48.47 (12.29) <0.001
% of energy from fat 34.99 (6.46) 34.99 (6.46) 0.455 35.35 (5.15) 35.84 (5.03) 0.585 33.80 (7.27) 34.41 (6.22) 0.348
Total sugars (g) 136.52 (57.69) 111.24 (45.12) <0.001 152.25 (55.33) 124.99 (43.54) <0.001 93.95 (37.36) 79.59 (28.51) <0.001
% of energy from total
sugars 23.42 (7.64) 24.32 (7.87) 0.611 22.62 (7.06) 23.48 (7.28) 0.369 23.76 (7.97) 25.26 (8.04) 0.453
M: mean, SD: standard deviation, BMI: body mass index, WC: waist circumference, HC: hip circumference, MVPA: moderate-to-vigorous physical activity level, FMI: fat mass index, socioeconomic status (SES):
socioeconomic status, Boldface values indicate significance, p-value < 0.05.
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3.2. Portion Size Intake from Food Groups between BMI Categories in Both Genders
Table 2 shows the mean intake of food PS from ED food for plausible reporter and
by BMI, normal weight or overweight/obesity in males and females. In males, the results
indicate that plausible reporters with overweight/obesity had significantly higher portion
mean intake from “cheese” and “carbonated soft drink,” compared with normal weight,
while females with overweight/obesity had a higher portion mean intake from “bread
and rolls,” and “confectionary nonchocolate,” compared with normal-weight females; In
contrast, normal-weight females had a higher portion mean intake from “sweet bakery
product,” compared with females with overweight or obesity. However, when misreport-
ing was not considered in males, the results indicated that overweight/obesity participants
had significantly higher portion mean intake from “cheese,” “meat and poultry products,”
and “carbonated soft drink,” compared with normal weight. In females, when misre-
porting was not considered, normal weight had higher portion mean intake from “bread
and rolls” and “sweet bakery products,” compared with overweight/obesity; meanwhile,
females with overweight/obesity had significantly higher portion mean intake from “meat”
and “confectionary nonchocolate,” compared with normal weight, when misreporting
was not considered. Regarding under-reporters (Supplementary Table S1), males with
overweight/obesity had significantly higher portion mean intake from “chocolate,” com-
pared with normal weight males, while females with overweight/obesity had higher mean
portion intake from “bread and rolls,” compared with normal weight.
3.3. Association between BMI and Portion Size of the Most Energy-Dense Foods
A positive association was observed between PS and BMI for some ED foods (Table 3).
Consumption of higher PS from “breakfast cereals” was significantly associated (β = 0.012;
0.048) with BMI for males who were plausible reporters. When dietary misreporting was
not considered, PS from “carbonated soft drink” was positively related with BMI (β = 0.002;
p = 0.012), while PS from “sweet bakery products” were inversely associated with BMI
(β = −0.04; p = 0.028). In females who were reported as plausible reporters dietary intake,
PS from “sweet bakery product” were inversely associated with BMI (β = −0.004; p = 0.014).
However, when dietary misreporting was not considered, PS from “sweet bakery product”
and “chocolate” were inversely associated with BMI (β = −0.005; p = 0.002), (β = −0.007;
p = 0.035), respectively. In under-reporters (Supplementary Table S2), higher PS of “bread
and rolls” (β = 0.006; p ≤ 0.001), “chocolate” (β = 0.029; p = 0.028) and “sugar, honey, and
jam” (β = 0.007; p = 0.012) were significantly associated with BMI in males. However, the
results did not change when sensitivity analysis was carried out for all participants and
with adjusting for misreporting.
3.4. Association between FMI and Portion Size of the Most Energy-Dense Foods
Table 4 shows the associations between FMI and PS of ED food groups by gender. In
females who were plausible reporters and when misreporting was not considered, only
PS from “sweet bakery product” (p < 0.050) were inversely related with FMI, while, in
males and when misreporting was not considered, PS from “bread and rolls” (β = −0.006;
p = 0.005) and “sweet bakery product” (β = −0.009; p = 0.002) showed an inversely sig-
nificant relation to FMI. Regarding under-reporters (Supplementary Table S3), adolescent
males showed a significant association between PS of “chocolate” and FMI (β = 0.061;
p = 0.031). Meanwhile, in females, PS from “meat and poultry product” showed an in-
versely significant relation to FMI (β = −0.013; p = 0.023). When sensitivity analysis
was carried out for all participants and with adjusting for misreporting, the results did
not change.
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Table 2. Mean portion size of energy-dense (ED) foods by BMI status in both genders, for consumers of different food categories, using t-test.
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n: number of consumers, M: mean, SD: standard deviation, Boldface values indicate significance, p-value < 0.05.
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Table 3. The association between BMI and portion sizes (PS) of most ED food using multiple linear regression model.
Body Mass Index * Plausible Reporters (n = 1421) All Participants (n = 1889)
Males Females Males Females









Upper Lower Upper Lower Upper Lower Upper Lower
Breakfast cereals 0.012 0.000 0.023 0.048 −0.001 −0.016 0.014 0.892 0.006 −0.002 0.017 0.154 −0.003 −0.019 0.013 0.698
Bread and rolls 0.001 −0.001 0.004 0.223 0.002 0.000 0.004 0.069 0.000 −0.002 0.003 0.880 −0.001 −0.003 0.001 0.978
Sweet bakery product −0.001 −0.004 0.002 0.548 −0.004 −0.008 −0.001 0.014 −0.004 −0.008 0.000 0.028 −0.005 −0.008 −0.002 0.002
Confectionary
nonchocolate 0.004 −0.001 0.018 0.613 0.006 −0.006 0.017 0.318 0.001 −0.014 0.015 0.923 0.003 −0.009 0.015 0.597
Chocolate −0.001 −0.007 0.005 0.819 −0.003 −0.009 0.003 0.291 0.003 −0.006 0.006 0.990 −0.007 −0.014 0.000 0.035
Sugar, honey, and jam −0.001 −0.031 0.028 0.922 −0.013 −0.034 0.008 0.218 0.026 0.000 0.052 0.051 −0.014 −0.034 0.007 0.186
Cheese 0.004 −0.003 0.011 0.246 0.001 −0.011 0.013 0.905 0.001 −0.002 0.005 0.357 −0.004 −0.016 0.008 0.550
Meat 0.001 −0.001 0.003 0.300 0.001 −0.002 0.003 0.663 0.000 −0.002 0.002 0.874 0.000 −0.005 0.002 0.366
Meat and poultry
product 0.001 −0.001 0.004 0.213 −0.001 −0.004 0.002 0.493 0.000 0.000 0.001 0.390 −0.001 −0.004 0.001 0.327
Vegetable oils 0.004 −0.031 0.039 0.812 −0.007 −0.044 0.030 0.692 −0.004 −0.038 0.030 0.825 −0.002 −0.034 0.030 0.914
Carbonated soft and
isotonic drink 0.001 0.000 0.002 0.067 0.001 0.000 0.002 0.241 0.002 0.000 0.003 0.012 0.001 0.000 0.002 0.122
β: regression coefficient. CI: confidence interval, BMI: body mass index. * Adjusting for confounders: age, Moderate-to-vigorous physical activity (MVPA), and total energy intake (TEI) and SES. Boldface values
indicate significance, p-value < 0.05.
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Table 4. The association between FMI and portion size of most ED food between gender using multiple linear regression model.
Fat Mass Index * Plausible Reporters (n = 1421) All Participants (n = 1889)
Males Females Males Females









Upper Lower Upper Lower Upper Lower Upper Lower
Breakfast cereals 0.011 −0.080 0.029 0.246 −0.008 −0.026 0.009 0.345 0.006 −0.008 0.019 0.417 −0.014 −0.033 0.005 0.156
Bread and rolls −0.003 −0.007 0.001 0.165 0.000 −0.002 0.003 0.817 −0.006 −0.010 −0.002 0.005 −0.002 −0.005 0.001 0.122
Sweet bakery product −0.005 −0.011 0.000 0.064 −0.006 −0.010 −0.002 0.005 −0.009 −0.015 −0.003 0.002 −0.007 −0.011 −0.003 0.001
Confectionary
nonchocolate 0.013 −0.010 0.036 0.281 0.009 −0.005 0.024 0.194 0.014 −0.010 0.038 0.240 0.008 −0.006 0.023 0.257
Chocolate −0.004 −0.014 0.006 0.408 −0.002 −0.010 0.005 0.554 −0.002 −0.012 0.008 0.756 −0.004 −0.013 0.004 0.328
Sugar, honey, and jam −0.007 −0.046 0.032 0.730 −0.020 −0.045 0.006 0.124 −0.013 −0.048 0.022 0.471 −0.018 −0.044 0.008 0.173
Cheese 0.001 −0.011 0.013 0.883 0.004 −0.012 0.021 0.605 0.003 −0.002 0.008 0.305 −0.001 −0.017 0.015 0.900
Meat 0.002 −0.001 0.005 0.144 0.002 −0.001 0.005 0.176 0.001 −0.002 0.004 0.518 0.002 −0.001 0.005 0.225
Meat and poultry
product −0.001 −0.005 0.003 0.695 0.000 −0.004 0.005 0.820 0.000 −0.001 0.001 0.587 −0.003 −0.007 0.001 0.196
Vegetable oils 0.007 −0.059 0.073 0.836 0.006 −0.041 0.053 0.815 −0.006 −0.069 0.057 0.847 0.019 −0.023 0.062 0.372
Carbonated soft and
isotonic drink 0.001 −0.001 0.003 0.167 0.001 −0.001 0.002 0.296 0.001 −0.001 0.002 0.585 0.001 −0.001 0.002 0.427
β: regression coefficient. CI: confidence interval, FMI: fat mass index. * Adjusting for confounders: age, physical activity (MVPA), TEI, and SES. Boldface values indicate significance, p-value < 0.05.
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3.5. Association between BMI Categories and Portion Size of the Most Energy-Dense Foods
Table 5 illustrates the results of ordinal logistic regression model by gender, using
BMI categories (normal weight vs. overweight and obesity) as a dependent variable
and PS of the most ED foods as independent variables. The model was adjusted for
age, physical activity, TEI, and SES. Consumption of higher PS from “carbonated soft
drinks” is associated with higher probability of having obesity in males who were plausible
reporters (OR = 1.001; 95% CI 1.000; 1.002) and when misreporting was not considered
(OR = 1.000; 95% CI 1.000; 1.001). Moreover, “sweet bakery products” is associated with
lower probability of having obesity in males (OR = 0.996; 95% CI 0.993; 1.000) when
misreporting was not considered. Consumption of higher PS from “bread and rolls”
is associated with higher probability of having obesity in females who were plausible
reporters (OR = 1.002; 95% CI 1.000; 1.004) and when misreporting was not considered
(OR = 1.002; 95% CI 1.000; 1.003), while “sweet bakery products” is associated with lower
probability of having obesity in females who were plausible reporters (OR = 0.996; 95%
CI 0.991; 0.999) and when misreporting was not considered (OR = 0.996; 95% CI 0.992;
1.000). For under-reporting males (Supplementary Table S4), dietary intake of higher PS of
“breakfast cereals” is associated with higher probability of having obesity (OR = 1.012; 95%
CI 1.002; 1.024). However, the results did not change when sensitivity analysis was carried
out for all participants and with adjusting for misreporting.
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Table 5. Ordinal logistic regression model, the association between BMI categories and ED food portion groups between gender.
BMI Categories * Plausible Reporters (n = 1421) All Participants (n = 1889)
Males Females Males Females









Upper Lower Upper Lower Upper Lower Upper Lower
Breakfast cereals 1.002 0.989 1.015 0.751 0.999 0.978 1.020 0.912 1.004 0.998 1.010 0.152 0.998 0.981 1.015 0.802
Bread and rolls 1.000 0.999 1.002 0.608 1.002 1.000 1.004 0.012 1.001 0.999 1.002 0.358 1.002 1.000 1.003 0.047
Sweet bakery product 0.997 0.994 1.000 0.150 0.996 0.991 0.999 0.046 0.996 0.993 1.000 0.049 0.996 0.992 1.000 0.032
Confectionary
nonchocolate 1.004 0.992 1.017 0.506 1.008 0.999 1.018 0.123 1.006 0.995 1.016 0.305 1.006 0.997 1.015 0.174
Chocolate 0.999 0.993 1.004 0.666 0.999 0.990 1.008 0.854 1.000 0.996 1.006 0.782 0.997 0.989 1.006 0.488
Sugar, honey, and jam 0.993 0.972 1.014 0.514 0.975 0.941 1.010 0.161 1.009 0.995 1.023 0.233 0.981 0.955 1.008 0.165
Cheese 1.001 0.996 1.006 0.665 1.003 0.991 1.015 0.659 1.000 0.999 1.002 0.238 1.001 0.990 1.012 0.886
Meat 1.000 0.999 1.002 0.613 1.001 0.999 1.002 0.525 1.000 0.999 1.002 0.535 1.001 0.999 1.003 0.284
Meat and poultry
product 1.001 0.999 1.003 0.102 0.999 0.996 1.002 0.531 1.000 0.999 1.000 0.292 0.999 0.996 1.002 0.440
Vegetable oils 0.995 0.974 1.016 0.651 1.006 0.982 1.031 0.636 0.995 0.975 1.015 0.603 1.012 0.993 1.032 0.221
Carbonated soft and
isotonic drink 1.001 1.000 1.002 0.032 1.000 0.999 1.002 0.636 1.000 1.000 1.001 0.035 1.000 0.999 1.002 0.262
OR: odd ratio. CI: confident interval. * Adjusting for confounders: age, moderate-to-vigorous physical activity (MVPA), and TEI and SES. Boldface values indicate significance, p-value < 0.05.
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4. Discussion
The main results suggested that there is an association between PS of specific ED
foods and BMI in adolescence. Specifically, in plausible reporters, “carbonated soft drinks”
in males and “bread and rolls” in females are associated with a high probability of having
obesity. Meanwhile, PS from “sweet bakery products” were associated with lower proba-
bility of having obesity in females, considering potential confounders, like physical activity
level, TEI, and SES. This study also provides useful descriptive information on PS from ED
food groups between gender and BMI categories in European adolescents.
Our results indicate that plausible reporters males with overweight or obesity had
significantly higher portion mean intake from “cheese” and “carbonated soft drink,” com-
pared with normal weight males. Plausible reporters’ females with obesity had higher
mean portion intake from “bread and rolls” and “confectionary nonchocolate,” compared
with normal weight females. Contrarily, a previous study based on adolescents showed that
average PS of chocolate confectionery; cheese; and buns, cakes, and pastries were higher
among normal weight than among adolescents with overweight or obesity [11]. Moreover,
one study in adolescents noticed that energy intake from candy, packed goods, and ice
cream was significantly greater in normal weight than in participants with obesity [51]. A
study of adults from two national surveys found that mean PS of cakes, reported by French
individuals with overweight/obesity, were 44% larger than normal-weight individuals; in
contrast, adults with overweight/obesity reported smaller food PS from biscuit, crisps, and
chocolate subgroups than normal-weight French adults [22]. However, food PS of biscuits
reported by UK adults with overweight/obesity were 30% larger than those reported by
normal-weight ones [22]. The possible reason of these results is that lean active subjects
tend to select high energy and sugar diets, while subjects with overweight seem to prefer
diets high in fat and restrict dietary sugars [52,53].
In this study, we adjusted for SES in all analyses. It is noteworthy that SES is considered
as one of the strongest predictors of obesity development in all age groups and of living in
a deprived area with oversized portions of unhealthy food [54]. In this context, a study in
children reported larger food PS consumption of meat when the annual household income
was higher [55]. Moreover, in adults, there has been found a small reliable relation between
lower SES and consumption of large portions of unhealthy foods [54]. However, in our
study, the observed associations were independent of SES, suggesting a strong association
between PS from ED and BMI. It is also noteworthy that lower SES families are less likely
to realize that their child is overweight and may believe that they should not impede the
eating and activity behaviors of their child [56].
In this study, a positive association was observed between PS and BMI for some ED
foods, and there were differences between plausible reporters and under-reporters. In
another cross-sectional study in children, it was showed that overweight was positively cor-
related with the PS of sweetened pastries and biscuits [48]. Similarly, a positive correlation
was found for PS of cakes, biscuits, and cheese and BMI in plausible reporter adolescents
but not in the under-reporters. Meanwhile, the PS of high-fiber breakfast cereals was
positively associated with BMI in under-reporters and among all adolescents [11]. The
possible explanation of the positive association between breakfast cereals and BMI may
be that some types of breakfast cereals contain nuts, sugars, honey, and fruit, which make
the food more ED. In addition, we found that large PS from “bread and rolls,” “chocolate,”
and “sugar, honey, and jam” groups were associated with higher BMI in under-reporter
males. However, it was noticed that under-reporter children and adolescents were more
likely to have overweight or obesity than normal reporters [57]. In addition, subjects with
obesity tend to underreport their consumption to provide sociable desirable answers, even
in adolescence [58]. It is noteworthy that several studies in children and adolescents found
that one of the main reasons of dietary assessment errors was misreporting, mainly because
of underreporting [59,60], which happens frequently in adolescents [61,62]. In this age,
under-reporters generally provide lower intakes of ED foods and snacks than plausible
reporters, because they tend to give socio-desirable answers [63], easily forget what they
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consumed, or/and they tend to have lower ability to report their own dietary intake [64]. In
addition, adolescents tend to omit their food consumption by following a dietary restriction
as a step to reduce their weight [64]. Moreover, it has been noticed that the exclusion of
under-reporters or introducing them as covariates can strongly enhance the associations
between dietary factors, including ED food and obesity [34].
In this study, we found that in females who were under-reporters on large PS from
“meat and poultry product” showed an inverse significant relation with FMI. In a Korean
study in children and adolescents, it was found that a high level of meat consumption was
associated with lower BMI [65]. Contrarily, the possible explanation of an inverse relation
between PS of “sweet bakery products” and BMI and FMI in plausible reporters females
and “meat and poultry product” with BMI in under-reporter females is that adolescents
with obesity tend to restrict their intake from sugars and fat foods as a primary step to
reduce weight [66]. A hallmark of PS from these food groups is that they belong to the
category of “convenience foods” or fast-food chains, which are sometimes packaged for
single-serving consumption, and whose PS have been reported to be increasing, such as
chocolate, bread, soda, and burgers [67]. In addition, researchers have noticed inverse
or no associations with overweight and obesity, when the data were analyzed without
adjustment for the ratio of (energy intake: estimated energy requirement), in both children
and adolescents [68]. However, more studies are needed to give insights about our finding.
Regarding PS from “carbonated soft drinks,” we found in our study that large PS from
this food group is associated with higher probability of having obesity in males. Clearly, in
the last decades, PS of some foods, especially those consumed in restaurants, such as burg-
ers and soda, have increased dramatically and concurrently with obesity prevalence [69].
Varied scientific reviews have confirmed the hypothesis that increased weight is linked with
increased intake from carbonated soft drink in cross-sectional studies [70–72]. Moreover,
it has been suggested from observational analysis that the odds of becoming obese over
5 years increased to 60% with each additional 12 ounces (340.19 g) of soda consumed per
day by children [73], which means that the main contributor to the obesity epidemic is the
elevating consumption of sweetened drinks [74]. The possible explanation of these results
is that liquid carbohydrates, such as soda or solid jelly, cause less satiety, compared with
solid carbohydrates sources; thus, increased consumption of energy-yielding fluids may
enhance the positive energy balance [75,76]. However, in children, the trial studies that aim
to reduce the effect of sugar-sweetened beverage intake on obesity are inconsistent; this
may be due to failure to control confounders and some methodological limitations [77,78].
Although the effect sizes in our study are small, further studies are needed to confirm the
association between food PS from ED food and obesity development.
In our study, a sensitivity analysis was carried out in order to detect any potential
differences in the results after adjusting for misreporting, and the results did not change.
This study has some limitations. Firstly, although studies performed some years ago
are not useful to describe the current situation, they are useful for assessing the associations
between different types of variables. The information from holidays or from Fridays
and Saturdays were not included, as the 24-h recalls were completed during school days.
Secondly, the cross-sectional nature of HELENA study does not allow us to assess the
behavior over a period of time and did not provide information in determining the cause-
and-effect association. The self-reported questionnaires were used for collecting the food
consumption data, and therefore, a social bias must be considered. However, a good
agreement between the self-reports and the interviews was found [43]. Moreover, a high
percentage of under- and over-reporters were detected. Additionally, the ED was not
calculated from the food groups, so the main selected criteria for analysis were based on
those foods identified in other studies as high sources of energy. However, there are several
strengths in this study that need to be mentioned. To our best of knowledge, the present
study is the first to investigate the association between the portion size of ED foods and
body composition among European adolescents. Although residual confounding should
be considered when interpreting the results, potential confounders such as age, total EI,
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physical activity, and SES were taken into account. Moreover, sample size had been selected
from a wide geographical spread, including eight European cities, with large cultural
dietary diversity. In order to increase the accuracy, highly standardized and validated
procedures were used to collect the sample and assess anthropometric measurements.
5. Conclusions
In conclusion, large PS of “sweet bakery products” were found to be associated with
a lower body composition among plausible females reporters, while increase PS from
“breakfast cereals” groups were correlated with higher BMI in males. This was significant
after adjustment for age, physical activity, TEI, and SES. Moreover, in subjects who were
considered as plausible reporters, the results showed that large PS from “carbonated soft
and isotonic drinks” in males and “bread and rolls” in females were associated with higher
probability of having obesity, while large PS of “sweet bakery products” is associated with
lower probability of having obesity in females. Further studies are needed to examine
the prolonged exposure to large PS from several ED food sources and their effect on
obesity development. If results are confirmed, this should be followed by nutritional health
promotion programs directed to European adolescents to enhance their PS food selection.
Supplementary Materials: The following are available online at https://www.mdpi.com/2072-6
643/13/3/954/s1, Table S1: Mean intake of food PS from ED food for plausible reporter and by
BMI, normal weight or overweight/obesity in males and females. Table S2: The association between
BMI and PS of most ED food in under-reporters, using multiple linear regression model. Table S3:
The association between FMI and portion size of most ED food between gender in under-reporters,
using multiple linear regression model. Table S4: Ordinal logistic regression model, the association
between BMI categories and ED food portion groups in under-reporters and between gender.
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